The relevance of the linker tethering site in haptens was investigated for antibody generation and immunoassay development. Three derivatives of the strobilurin fungicide picoxystrobin were synthesized with the same functionalized spacer arm located at three different positions. Protein conjugates of those haptens were employed as immunogens and novel polyclonal antibodies were produced and characterized. All haptens afforded highly specific antibodies, but different affinities to the free analyte were observed among the obtained antisera. Then, competitive enzyme-linked immunosorbent assays were studied in several formats, and site heterology was confirmed as an effective strategy for detectability improvement. An indirect heterologous immunoassay was eventually selected and optimized, showing a limit of detection for picoxystrobin of 0.02 µg/L and a working range between 0.03 and 1.30 µg/L. Finally, the developed extraction and analytical procedures revealed a practical limit of quantification of 5 µg/kg for this fungicide in soybean sprouts, well below the maximum residue limits in the EU.
Introduction
concentration, and pH of the buffers employed in this study were as follows: i) PB, 100 mM sodium phosphate buffer, pH 7.4; ii) PBS, 10 mM sodium phosphate buffer, pH 7.4, with 140 mM NaCl; iii) PBST 
Hapten synthesis
The synthesis of hapten PCa6 (1) was described in a previous article [11] and its structure is schematized in Table 1 . Haptens PCb6 (2) and PCo6 (3) were prepared from 2-chloro-6-trifluoromethyl pyridine (4) 
Synthesis of hapten PCb6 (2)

Synthesis of 2-chloro-4-iodo-6-(trifluoromethyl)pyridine (5). A solution of
2-chloro-6-(trifluoromethyl)pyridine (4) (1.533 g, 8.44 mmol) in 2 mL tetrahydrofuran (THF) was added drop wise to a solution of lithium diisopropylamide (LDA) [prepared from 1.6 M butyllithium in hexane (10.5 mL, 16.80 mmol) and diisopropylamine (2.36 mL, 1.704 g, 16 .84 mmol) in THF (13 mL)] at −100 °C. After 2 h at this temperature, a solution of I 2 (2.14 g, 8.43 mmol) in THF (2 mL) was slowly added (30 min) to the orange reaction mixture, and then the mixture was allowed to warm to −80 °C for 1 h, poured into water, and extracted with CH 2 Cl 2 . The combined organic layers were washed with brine, dried over anhydrous Na 2 SO 4 , and concentrated to leave a residue that was purified by chromatography, using hexaneEtOAc (9:1) as eluent, to give iodo-pyridine 5 (1.768 g, 70%) as a colorless solid [mp 94-94.5 °C (crystallized from hexane)], which had physical and spectroscopic properties identical to those reported in the literature [16] . (6) . A mixture of chloro-pyridine 5 (802 mg, 2.6 mmol) and KOH (357 mg, 6.37 mmol) in tert-butanol (2.2 mL) was stirred at reflux under nitrogen for 2 h. The mixture was diluted with water, acidified with 1 M aqueous HCl, and extracted with EtOAc. Washing of the extracts with brine was followed by drying over anhydrous Na 2 SO 4 and removal of the solvent. Chromatographic purification using mixtures of hexane and EtOAc (from 9:1 to 7:3) as eluent, afforded the 2-pyridinol 6 (621 mg, 63%) as a white solid. Mp 147-148 °C (crystallized from hexane). (8) . A mixture of pyridinol 6 (758 mg, 2.62 mg) and anhydrous K 2 CO 3 (579 mg, 4.19 mmol) in dry DMF (3 mL) was stirred at 80 °C under nitrogen for 5 min, and then a solution of dibromide 7 (681 mg, 2.72 mmol) in DMF (3 mL) was added drop wise by a syringe pump during 4 h. After this time, the reaction mixture was cooled down to rt, poured into water, and extracted with EtOAc. The organic phase was washed with brine, dried over Na 2 SO 4 , and the residue left after evaporation of the solvent was purified by chromatography, using hexane-EtOAc (95:5), to yield the benzyl ether 8 (930 mg, 78%) as a solid. Mp 67-68 °C (crystallized from hexane).
Synthesis of 4-iodo-6-(trifluoromethyl)pyridin-2-ol
Synthesis of 2-(2-bromobenzyloxy)-4-iodo-6-(trifluoromethyl)pyridine
Synthesis of tert-butyl 6-(2-(2-bromobenzyloxy)-6-(trifluoromethyl)pyridin-4-yl)hex-5-
ynoate (10). Et 3 N (2.8 mL) was added drop wise to a mixture of iodo pyridine 8 (480 mg, 2.139 mmol), tert-butyl hex-5-ynoate (9) (378 mg, 2.351 mmol), Cl 2 Pd(PPh 3 ) 2 (36.6 mg, 0,052 mmol), and CuI (7.6mg, 0.040 mmol) in anhydrous DMF (2.8 mL) under nitrogen. The mixture was stirred at rt for 5 h, poured into water (100 mL), and extracted with EtOAc. The combined organic extracts were washed successively with water, 2% aqueous solution of LiCl, and brine, dried over anhydrous Na 2 SO 4 and concentrated. Purification by chromatography, using hexane-EtOAc (9:1) as eluent, afforded alkyne 10 (916 mg, 86%) as a colorless oil.
Synthesis of tert-butyl 6-(2-(2-bromobenzyloxy)-6-(trifluoromethyl)pyridin-4-yl)hexanoate (11).
A solution of alkyne 10 (882 mg, 1.783 mmol) and chlorotris(triphenylphosphine)rhodium(I) (100 mg, 0.108 mmol, 6%) in anhydrous THF (10.5 mL) was evacuated and purged under an atmosphere of hydrogen gas. The hydrogen pressure was regulated to 4 bars and the reaction mixture was stirred at rt for 21 h. Then, the solvent was removed under vacuum and the obtained residue was purified by chromatography, using hexane-EtOAc (9:1) as eluent, to give compound 11 (1.049 g, 92%)
as a colorless oil. (39.8 mg, 0.034 mmol) in a mixture of dioxane (3.6 mL) and water (0.7 mL), previously degasified by bubbling nitrogen under ultrasonic irradiation for 10 min, was stirred under nitrogen at 95 °C for 10 h and then at 100 °C for an additional 2 h. The reaction mixture was cooled down to rt, diluted with ethyl ether, washed with brine, and dried over anhydrous Na 2 SO 4 . Evaporation of the solvent and chromatographic purification of the residue, using hexane-EtOAc (9:1) as eluent, gave the methoxyacrylate derivative 14 (296 mg, 64%) as an oil.
Synthesis of tert-butyl 6-(2-(2-
(
Synthesis of (E)-6-(2-(2-(1,3-dimethoxy-3-oxoprop-1-en-2-yl)benzyloxy)-6-(trifluoromethyl)
pyridin-4-yl)hexanoic acid (hapten PCb6, 2). A solution of the tert-butyl ester 14 (101 mg, 0.188 mmol) in formic acid (3.5 mL) was stirred for 2 h at rt under nitrogen. The reaction mixture was diluted with benzene and washed four times with cool water and once with brine, dried over anhydrous Na 2 SO 4 , and concentrated under vacuum to give the crude product that was purified by chromatography, using CHCl 3 as eluent, to give hapten PCb6 (2) (67 mg, 75%) as a viscous oil. 1 adjuvant. Whole blood was collected from the ear vein of the rabbits and by intracardiac puncture 10 days after the fourth injection. Blood samples were allowed to coagulate overnight at 4 °C. Then, the serum was separated by centrifugation and the immunoglobulin fraction was precipitated by adding 1 volume of a saturated ammonium sulfate solution.
After centrifugation at 4000 × g for 0.5 h, the pellet was resuspended in 1 volume of PBS and a fraction was diluted 1/5 with PBS containing 0.01% thimerosal (w/v) and kept at 4 °C for daily usage. The remainder of each antiserum was precipitated again as before and stored at 4 °C.
Direct cELISA procedures
Direct assays were performed with and without a capture antibody. Ninety-six-well polystyrene ELISA plates were coated with 100 μL per well of antibody dilution in CB by overnight incubation at rt. In between steps, plates were washed four times with washing solution. For capture-antibody assays, a coating GAR solution was used, and after washing 100 µL of anti-PC pAb solution was added per well, then plates were incubated 1 h at rt and washed as before. In both formats, the competitive step was carried out with 50 µL per well of analyte standard solution in PBS plus 50 µL per well of HRP tracer dilution in PBST. The immunological reaction took place during 1 h at rt, and plates were washed again as described. Finally, signal was generated by addition of 100 µL per well of freshly prepared 2 mg/mL o-phenylendiamine and 0.012% (v/v) H 2 O 2 in developing buffer. After 10 min at rt, the enzymatic reaction was stopped by addition of 100 µL per well of 2.5 M sulfuric acid.
The absorbance was immediately read at 492 nm using a reference wavelength of 650 nm.
Indirect cELISA procedure
Microplates were coated with 100 μL per well of OVA-hapten solution in CB by overnight incubation at rt. Coated plates were washed four times with washing solution and then received 50 μL per well of analyte standard solution in PBS plus 50 μL per well of anti-PC pAb in PBST-FBS. The immunological reaction took place during 1 h at rt, and plates were washed again as described above. Next, 100 μL per well of a 1/10 4 dilution of GAR-HRP conjugate in PBST-FBS was added, and then plates were incubated 1 h at rt and washed as before. Finally, the signal was produced as aforementioned.
Buffer studies
The influence of the ionic strength and pH over the inhibition curve parameters was studied using a series of buffers prepared as follows. First, a 40 mM trisodium citrate, 40 mM disodium hydrogenphosphate and 40 mM Tris solution (pH 9.9) was prepared and known volumes of 5 M HCl was added in order to reach the required pH in each case. Then, the ionic strength of all buffers was fixed by adding the appropriate volume of a 2 M NaCl solution and taking into account the initial solution and the added HCl. Finally, Tween 20 was added before the final volume was achieved with deionized water. PC standard curves were prepared in water, and they were mixed with the tracer dilution for direct competitive assays or with the polyclonal solution for indirect competitive assays in every of the prepared buffers. Changes in the PC inhibition curve parameters using distinct buffers were fitted by a multiple regression equation, including curvature and interaction terms, using Minitab 14.1 software (Minitab Inc., State College, PA, USA) as previously published [19] .
Analyte extraction
Soybean sprouts were purchased from local markets and short-term stored at 4 °C.
Samples were chopped and homogenized using a T-25 ultra-turrax blender from IKA (Staufen, Germany) and if required stored at −20 °C. Extraction of PC from soybean samples was performed by the QuEChERS method [20] using the DisQuE dispersive sample preparation kit from Waters (Milford, MA, USA) without dispersive solid phase extraction.
Briefly, 15 g of homogenate was introduced in a 50 mL polypropylene centrifuge tube with 1.5 g of NaOAc, 6 g of MgSO 4 , and 15 mL of 1% HOAc in acetonitrile. Tubes were vigorously shaken using a vortex mixer and then centrifuged at 2200 × g for 5 min. The organic extracts were analyzed by the optimized indirect cELISA after being properly diluted with deionized water.
Data treatment
Calibration standards were prepared by 6-fold serial dilution from a 1 mM PC stock solution in DMF. Experimental values were fitted to a four-parameter logistic equation using the SigmaPlot software package from SPSS Inc. (Chicago, IL, USA). Assay detectability was estimated as the concentration of analyte at the inflection point of the sigmoidal curve, typically corresponding to a 50% inhibition (IC 50 ) of the maximum absorbance reached at the zero dose of analyte (A max ) if the background signal approaches to zero. The limit of detection (LOD) was estimated as the concentration of PC that provided a 10% inhibition of A max , whereas the analytical working range was calculated as the PC concentration that provided from 20 to 90% inhibition of A max .
Results and discussion
Haptens synthesis and conjugate preparation
In this study, three haptens, namely PCa6 (1), PCb6 (2), and PCo6 (3) ( Table 1) , were used for antibody generation and immunoassay development. The strategy for the preparation of PCb6 (2) was based on that previously reported for hapten PCa6 (1) [11] and for some functionalized derivatives of the related strobilurin fungicide azoxystrobin [21] . Such approach relies on the different reactivity of aryl iodide and bromide groups towards palladium-catalyzed Sonogashira and Suzuki-Miyaura cross-coupling reactions, as key steps for the modular incorporation of the hydrocarbon spacer chain and the β-methoxyacrylate moiety, respectively. The designed synthetic scheme for hapten PCb6, summarized in Hapten PCo6 (3) was readily prepared from commercial PC through a three-step procedure (Fig. 2) . First, the β-methoxyacrylate moiety of PC was hydrolyzed to the corresponding enol (15) by treatment with LiOH and Bu 4 NHSO 4 in a mixture of THF-water.
Despite the strong basic medium that was employed, the reaction took place quite cleanly under these conditions, probably through Michael addition of the hydroxyl anion followed by elimination of the methoxyl group, with only a small amount (ca. 10%) of the carboxylic acid being formed by hydrolysis of the methyl ester moiety. Next, the spacer group was covalently bound to the hydroxyl moiety of 15 via O-alkylation reaction with tert-butyl 6-bromohexanoate (16) and Cs 2 CO 3 as basic catalyst in DMF to give the enol ether 17, whose tert-butyl ester moiety was chemoselectively hydrolyzed to the corresponding acid by treatment with formic acid at rt. Hapten PCo6 (3) was thus obtained in about 55% overall yield from starting PC.
The three haptens (PCa6, PCb6, and PCo6) incorporated the same spacer arm, a six carbon-atom linker consisting of a linear aliphatic saturated chain, attached to three rationally-selected tethering sites of the PC molecule. In hapten PCa6, the linker was anchored to the central aryl bridge that is present in all synthetic strobilurins; in hapten arm was introduced at the β-methoxyacrylate pharmacophore group. A three dimensional representation of one of the energetically-equivalent most stable conformations of PC showed that the three selected derivatization sites allowed the target molecule to be displayed from scattered angles (Fig. 3) . Moreover, these synthetic haptens preserved the entire skeleton and functional groups of PC, and in all cases a C-C covalent bond replacing a C-H chemical bond was formed between the molecule and the spacer. Therefore, no or minor modifications of steric and electronic features of the target compound were expected.
Immunizing conjugates were prepared by the active ester method from the purified Nsuccinimidyl ester of the hapten. Activation of the carboxyl moiety was easily achieved with high yields (80%) using DSC as described in the Supplementary Data. Purification of the active ester could be accomplished without difficulty by chromatography on silica gel because no significant by-products were formed during the activation reaction. After coupling, the conjugate was purified by gel filtration and the calculated hapten-to-protein
MRs of the BSA conjugates were 16, 13, and 20 for PCa6, PCb6, and PCo6 conjugates, respectively. On the other hand, assay conjugates were prepared by the classical mixed anhydride method. Three OVA conjugates were prepared with different amounts of each hapten, and the calculated final MRs were 6, 3, and 1, for the OVA-PCa6 conjugates, 5, 3, and 1 for the OVA-PCb6 conjugates, and 4, 2, and 1 for the OVA-PCo6 conjugates.
Assay format and immunoreagent selection
Two pAbs were obtained with every immunizing hapten; namely, antisera rPCa6#1 and rPCa6#2 were produced from hapten PCa6, antisera rPCb6#1 and rPCb6#2 from PCb6, and antisera rPCo6#1 and rPCo6#2 from the PCo6-based immunogen. Combinations of all antisera and all conjugates were evaluated using the direct and indirect cELISA formats.
Checkerboard direct competitive assays were performed by coating with antiserum dilutions (from 1/1000 to 1/30000) in CB, and mixing tracer solutions (from 30 to 1000 ng/mL) in PBST with a complete PC standard curve in PBS. Very low absorbance signals were obtained under these conditions (results not shown), suggesting either a low recognition of tracer conjugates or a loss of antibody activity due to the coating process. Antibody inactivation due to direct immobilization on polystyrene plates can often be avoided by pre-coating the microwells with a capture bioreceptor [22, 23] . Accordingly, antisera were evaluated in the direct cELISA format in wells pre-coated with an anti-rabbit immunoglobulin antibody. In this so-called capture-antibody cELISA format, GAR-coated plates received different dilutions of anti-PC antiserum in PBST, and checkerboard competitive assays were performed as aforementioned. With this procedure, antisera binding properties partially increased, although in order to obtain adequate maximum signals the required concentration of immunoreagents (antisera and/or enzyme tracers) were mostly unusually high ( Table 2 ). All three immunogens generated high-affinity antibodies, with IC 50 values in the low part-per-billion range. However, assays with IC 50 values below 1 ng/mL were only reached with antisera derived from the PCo6-based immunogen, due perhaps to the higher degrees of freedom of the β-methoxyacrylate moiety. It was also observed that antibodies obtained with BSA-PCb6 only recognized the homologous antigen; likewise, the tracer HRPPCb6 was only bound by PCb6-type antibodies. However, antibodies derived from PCa6 could generally bind the tracer of PCo6, and vice versa; that is, PCo6-type antibodies also recognized HRP-PCa6. It seems that PCa6-and PCo6-based immunogens generated antibodies with a binding pocket in which the pyridyl ring of the PC molecule played a determinant role, whereas antisera obtained by immunization with BSA-PCb6 did not accept antigens with the tethering site at the aryl ring (PCa6) or at the pharmacophore group (PCo6). Similar results have also been found with antisera generated against siteheterologous immunogens of azoxystrobin (unpublished results) and pyraclostrobin [24] .
Checkerboard competitive titration assays were carried out as well in the conjugatecoated indirect ELISA format. Plates were coated with OVA-PCa6 (MR = 6), OVA-PCb6 (MR = 5), and OVA-PCo6 (MR = 4) at two concentrations (100 and 1000 ng/mL) in CB, and the immunological reaction was performed with four antibody dilutions (from 1/3000 to 1/100000) in PBST-FBS and PC standard solutions in PBS. In this format, a set of inhibition curves could be obtained for most pairs of immunoreagents, reaching variable A max values. PCo6-derived pAbs were below 3.60 ng/mL, whereas PCa6-based immunogens afforded antibodies with the lowest affinity to PC. However, a proper heterologous antigen, such as OVA-PCo6, could help to achieve good detectability with medium-affinity antisera, like rPCa6#1 and rPCa6#2. The best immunoassay was achieved with pAb rPCo6#1 and conjugate OVA-PCa6. This result could be explained by the nearer position of the spacer arm in haptens PCo6 and PCa6 as compared with the tethering site in hapten PCb6 (Fig. 3) .
Cross-reactivity studies were performed in order to find other pesticides that could be recognized by the produced pAbs. Consequently, eight strobilurin fungicides (kresoximmethyl, trifloxystrobin, pyraclostrobin, azoxystrobin, dimoxystrobin, fluoxastrobin, metominostrobin, and orysastrobin) were assayed. Calibration curves were prepared up to 1 mg/L in PBS and measured by homologous indirect cELISA. Higher concentrations could not be tested because of the low water solubility of the studied compounds. Under these conditions, none of the produced pAbs showed cross-reactivity values higher than 0.1%.
This result indicated that all three immunizing haptens, despite the different site to which the spacer arm was attached, gave rise to equally selective antibodies.
For further ELISA development, a heterologous assay was selected in the conjugatecoated indirect competitive format taking into consideration not only the achieved detectability but also immunoreagent economy. Thus, for sensitive and selective PC detection and analysis, antigen OVA-PCa6 and antiserum rPCo6#1 were employed for microplate coating and for analyte binding, respectively.
Molar ratio of the OVA-hapten conjugates
The effect of reducing the hapten density of the OVA-PCa6 conjugate was evaluated with antibody rPCo6#1. Checkerboard cELISAs were carried out with antigens bearing different hapten-to-protein ratios (5, 3, and 1). Plates were coated with each OVA-PCa6 conjugate at 100, 300, and 1000 ng/mL in CB, and then several rPCo6#1 dilutions (from 1/1000 to 1/30000) in PBST-FBS and a PC standard curve in PBS were added. Table 4 (Fig. 4) . The presence of acetone or acetonitrile in the assay strongly modified the immunological reaction. On the contrary, 10% methanol had a minor effect over the standard curve, whereas ethanol showed an intermediate behavior.
Buffer conditions
The influence of buffer conditions (pH and ionic strength) over the immunoassay was evaluated by a multiparametric strategy. Three buffer systems, i.e. citrate (pKa 2 = 4.8, pKa 3 = 6.4), phosphate (pKa 2 = 7.2), and Tris (pKa = 8.1), together with NaCl, were employed to adjust pH and ionic strength values, as described by Abad-Fuentes et al. [19] . Tween 20 and FBS were added at a fixed concentration (0.05% and 10%, respectively) in order to reduce unspecific interactions. A full factorial design, including 4 square, 4 axial, and 5 centre points (n = 3), was employed with assay pH values from 5.5 to 9.5, ionic strengths from 50 to 300 mM, and PBST-FBS conditions as the center point (see Table S1 of the Supplementary Data).
Conjugate-coated cELISAs were carried out using PC standard curves in water, whereas pAb rPCo6#1 was diluted (1/10000) in every evaluated buffer. A max and IC 50 were taken as response values and fitted to a multiple regression equation, including curvature and interaction terms, using the Minitab software.
Significant changes over the inhibition curve parameters were observed upon pH and ionic strength variations (see the respective contour plots in Fig. S1 of the Supplementary Data). The A max value was maximum at pH close to 7.5 and it decreased at acidic and basic pHs, whereas it decreased at higher ionic strength values. In the case of assay detectability, the lowest IC 50 was reached at acidic pHs and high NaCl concentrations. When the A max and IC 50 contour plots were overlaid (Fig. 5) , a constricted area of pH and ionic strength variations was clearly defined in which changes in those parameters remained tolerable;
that is, between 80 and 120%. Consequently, in order to guarantee minimum pH variations during food analysis, a more concentrated buffer than PBS was investigated. Fig. 6 shows the sigmoidal curves obtained for the heterologous cELISA using rPCo6#1 and OVA-PCa6
(MR = 3) in two buffer systems with the same pH and equivalent ionic strength but different buffering capacity. Since both buffer systems afforded equivalent results, a more concentrated buffer (PBT-FBS) was selected for antiserum dilution in further studies using food samples. At the end of the whole optimization process, the IC 50 value of the assay was 0.13 ± 0.01 ng/mL, the calculated LOD was 0.02 ng/mL, and the working analytical range was established between 0.03 and 1.30 ng/mL.
Analysis of PC in spiked soybean sprouts
The final aim of the present study was the development of a bioanalytical system for the determination of PC residues in food. Soybean sprouts were selected as a model oilseed foodstuff, and the well-known multiresidue QuEChERS methodology [25] , based on an acetonitrile extraction of acetate-buffered samples, was employed for pesticide recovery.
Sample preparation for ELISA analysis usually consists in a simple dilution of the extracts with assay buffer [26, 27] . Accordingly, PC standard curves were prepared in diluted soybean sprout extracts (1/10, 1/30, 1/100, 1/300, and 1/1000 with deionized water) to assess the matrix effects on curve parameters (Fig. 7 ). An evident reduction in assay signal was observed at extract dilutions lower than 100 fold, so this factor was taken as the minimum required dilution to obtain reliable results.
Trueness and precision of PC determinations were evaluated by measuring QuEChERSbased extracts of soybean sprouts which had been fortified with PC at concentrations ranging from 5 to 1000 µg/kg. Unspiked soybean extracts were also included as negative controls. Table 5 shows the recoveries obtained for PC-spiked samples at three dilution levels (1/100, 1/300, and 1/1000) in order to cover the quantification range of the assay.
The precision of the developed ELISA was satisfactory, with relative standard deviation values lower than 20% in all cases. Our results also showed that PC residues in soybean sprouts could be determined by this cELISA with quantitative recoveries (from 92 to 118 %).
From this study, the limit of quantification (LOQ) for the optimized immunoassay could be established at 5 µg/kg.
In this study, we observed that the derivatization of the PC molecule at the β-methoxyacrylate moiety generated pAbs with higher affinity. Assay detectability could be improved using a site-heterologous antigen, though application of such a strategy with the direct cELISA format meant binding failure in many cases. The observed results could be explained by a differential display of the PC molecular framework in haptens PCa6, PCb6, and PCo6. A competitive immunoassay was optimized in the indirect ELISA format, and the hapten density of antigens was revealed as an important factor to be studied. Finally, the developed assay was applied to the analysis of PC in fortified soybean sprouts as a proof of concept. Further studies are being carried out with other oilseed samples and cereals, including samples from the market, which will be used to comprehensively validate the described immunochemical assay. Synthesis of hapten PCb6.
Fig. 2
Synthesis of hapten PCo6. Standard inhibition curves for PC obtained by cELISA in two buffer systems with equivalent ionic strength but different phosphate concentration, 10 mM (triangles) and 100 mM (circles), using plates coated with OVA-PCa6 (MR = 3) at 1000 ng/mL and antiserum rPCo6#1 diluted 1/10000. Values are the mean of three independent experiments. The A max values were between 0.8 and 1.2, the slopes were about −0.9, and the lower asymptotes were below 15% of the A max .
Fig. 7
Matrix interferences produced by QuEChERS-based soybean sprout extracts over the inhibition curve of the rPCo6#1 conjugate-coated cELISA. Table 5 Recoveries from PC-spiked soybean sprouts by the proposed cELISA procedure (% ± s, n=3). 
